ABSTRACT
Soil-transmitted helminth (STH) is one of the parasites that cause the most common infection in the world. More than 1 billion people have been infected, with 300 million showing clinical symptoms of severe infection by more than one species of STH. [1] [2] [3] The mass anthelmintic treatment is one of the strategies for STH elimination. 4 The World Health Organization (WHO) recommends the use of mebendazole or albendazole in the elimination program. The repeated and regular elimination program of those at risk ensures the low level of infection. 5 However, the long-term use of anthelmintic drugs can lead to resistance or at least decrease of the drug efficacy to combat the STH infection. 5, 6 A meta-analysis study in 2008 showed that the single-dose administration of 400 mg albendazole produces 88% cure rate against A. lumbricoides and 28% against T. trichiura. 7 Although the decline in the efficacy of albendazole in humans have been reported, the resistance to albendazole has not been confirmed. 8 The albendazole acts against helminths through the binding of β-tubulin, one of the proteins that form microtubule. 9, 10 The microtubule is an important organelle for motility, cell division, and the secretion of nucleated cells in all living things. 11, 12 The binding of β-tubulin in STH will disrupt the microtubule polymerization, hampering the entire process of worm energy management and eventually resulting in the death of the worm or its removal from the body of the host. 3, 9 Several factors could contribute to the decreased efficacy of benzimidazole, i.e. host, parasite, and drug. One of the factors involving parasites is single-nucleotide polymorphisms (SNPs), for example, the substitution of phenylalanine to tyrosine in codon 200 β-tubulin gene (Phe200Try). 1, 13, 14 Several animal studies discovered a polymorphism in β-tubulin gene isotype 1 in the parasitic nematode Haemonchus contortus; this polymorphism leads to albendazole resistant in Kuningan, Yogyakarta, and Bogor. 13, 14 This SNP was also discovered in the albendazoleresistant Trichostrongylus worms.
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The human studies in Haiti and Kenya identified the SNP codon 200 in T. trichiura (homozygote and heterozygote TAC) but not in A. lumbricoides (all homozygote TTC).
1 Whether the parasitic worms A. lumbricoides and T. trichiura infecting the population in Indonesia feature an SNP profile similar to that found in Haiti and Kenya remains unknown. A study on a population in Nangapanda Sub-district, East Nusa Tenggara showed that after 7 rounds of three-month mass treatment with a single dose of albendazole, the percentage of T. trichiura infection decreased from 27.8% to 17.7% whereas A. lumbricoides infection decreased from 33.2% to 9.7%. 16 Based on the differences in the decreased percentage in both species of STH, this study aimed to determine the profile of codon 200 β-tubulin gene in A. lumbricoides and T. trichiura infecting residents in Nangapanda Sub-district, Ende, East Nusa Tenggara.
METHODS

Sample collection
The worm samples were obtained from the school children in Nangapanda Sub-district, Ende, East Nusa Tenggara after the administration of albendazole treatment in accordance with the national program. The worm samples consisted of four A. lumbricoides worms (three females and one male) and one female T. trichiura. Each of the A. lumbricoides worms was obtained separately from four school-age children who had been given a single dose of 400 mg albendazole. On the other hand, the T. trichiura worm was obtained from school-aged children who had been given pyrantel pamoate. These worms were stored at a temperature of -20 °C before analysis. 
Isolation of DNA worms
Prior to the isolation of A. lumbricoides worm, 0.25 g of worm tissue (posterior part) was weighed, cut into small pieces, and placed in a cryotube. The T. trichiura worm was inserted as a whole into another cryotube. Next, liquid nitrogen was added gradually to the sample while being crushed repeatedly with a glass rod. The procedure of DNA isolation was performed according to the DNeasy Blood & Tissue kit (Qiagen, Hilden, Germany). 17 A total of 20 µl proteinase K was added to the samples, which were then vortexed until homogeneity. The samples were then incubated at 56°C for 1 h, vortexed, and spun down. Next, 200 µl of AL buffer was added followed by 200 ml of ethanol (98%-100%), with each adding step followed by vortexing and spinning down. All the solutions were then placed in the DNeasy spin column placed in a 2 ml tube and were centrifuged with a speed of 8,000 rpm for 1 min. The filtrate was then discarded, and 500 µl of AW1 buffer was added. Afterward, the tubes were centrifuged at a speed of 8,000 rpm for 1 min. The filtrate was discarded, and 500 µl of AW2 buffer was added. Then, the tubes were centrifuged at a speed of 14,000 rpm for 3 min. The filtrate was removed, and the tubes were centrifuged again without adding anything at the speed of 14,000 rpm for 1 min. The spin columns were then transferred into two new tubes, and 100 µl buffer AE was added. The tubes were incubated at room temperature and were centrifuged at a speed of 8,000 rpm for 1 min. The DNA concentration in the elution was measured using NanoDrop (Implen, Germany). The DNA samples were stored at -20 °C before use.
Polymerase chain reaction (PCR) and gel electrophoresis
A total of 25 µl KAPA Taq HotStart Extra Readymix (Kapa Biosystems, MA., USA) was placed in a PCR tube and was added with 2.5 μl forward primer, 2.5 μl reverse primer for A. lumbricoides, 15 μl RNA-free water, and 5 μl samples. The negative control contained RNA-free water. The tube was placed in the Rotor-gene PCR machine (Qiagen, Hilden, Germany), and PCR was conducted at an initial denaturation temperature of 95 °C for 3 min, followed by denaturation temperature of 95 °C for 30 s, annealing temperature of 54.3 °C for 30 s, extension temperature of 72 °C for 1 min (denaturation temperature to extension temperature was then repeated 35 times), and a final extension temperature of 72 °C for 1 min ( Table 1 ).
The PCR results were visualized using electrophoresis. The target band was the β-tubulin amplicon of A. lumbricoides with a length of 158 bp, whereas that of T. trichiura exhibited a length of 163 bp.
3 A total of 4 µl of PCR products (samples and negative controls) and 4 μl of 100 bp ladder were mixed with 2 μl loading dye and 4 μl SYBR ® green (1:1000). The mixtures were then added to the wells with 1.5% agarose gel. The electrophoresis machine was run with 118 mA, 85 V, 10 W for 45 min. The results were read in the FireReader V4 Gel Documentation Machine (UVItec, UK).
Sequencing
PCR samples were then sent to 1st Base to be purified and sequenced using the Sanger method. The sequences were entered into the Basic Local Alignment Search Tool (BLAST) program to determine the similarity between the sample sequences and reference sequences in GenBank. BLAST program can be found at http:// blast.ncbi.nlm.nih.gov/Blast.cgi.
Alignment of sequence data
The alignment was done by using BioEdit Sequence Alignment Editor version 5.0.9 with EU814697.1 as a reference for A. lumbricoides and KF410623.1 for T. trichiura.
RESULTS
DNA isolation
The DNA concentration obtained from the worm tissues ranged from 109 ng/ml to 233 ng/ml for A. lumbricoides and 9.65 ng/ml for T. trichiura. From these samples, the isolation of A. lumbricoides DNA from sample Y2 yielded the highest concentration (233 ng/µl) with the highest purity as shown by A260/280 of 1.769 ( Table 2 ). The sample of T. trichiura showed a concentration of 9.65 ng/µl with a ratio A260/280 of 1.752 (Table 2) .
PCR
From the four DNA samples of A. lumbricoides, two samples were successfully amplified, Y1 and Y2, along with the sample of T. trichiura (Tt). Bands Y1 and Y2 measured about 200 bp in length, whereas Tt featured a length of about 163 bp ( Figure 1) . As the PCR of the remaining two samples of A. lumbricoides tissue (Y3 and Y4) failed to show any band, they were excluded from sequencing.
Sequencing
Figures 2 and 3 show the alignment between A. lumbricoides reference and sequences Y1 and Y2. Both codon 200 from Y1 and Y2 were similar to the reference EU814687
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, that is TTC. The band length of Y1 spanned 162 bases, whereas Y2 comprised 160 bases.
In the T. trichiura sample, we also found TTC in codon 200 similar to the reference AF034219 3 (Figure 4 ). The band length of Tt amplicon was 135 bases.
DISCUSSION
The sequencing was conducted using the PCR primer obtained based on the work of 1 The codon 200 β-tubulin gene in T. trichiura also contained TTC, consistent with the results of the study conducted by Hansen et al 18 but not with those of the study conducted by Diawara et al, 3 who discovered the bases TAC on codon 200. In this study, A. lumbricoides and T. trichiura worms were obtained from infected people with no history of mass treatment in an endemic area in Ende.
In the study by Hansen et al, 18 T. trichiura worms were obtained from people in Uganda after the first treatment with mebendazole 2x100 K-Tt Lad Y1 Y2 Three worm samples were successfully amplified, two A. lumbricoides and one T. trichiura. The failure in amplification could be caused by poor DNA quality, which can be caused by sample storage conditions, such as storing at an unstable temperature or a temperatures less than -20 °C, the addition of preservatives (formalin or alcohol), or excessive melting and freezing (freeze and thaw). 19 This study found that both worms which were failed to be amplified exhibited a more crumbly consistency than the other worms. The purity of DNA concentration from A. lumbricoides that were not successfully amplified ranged from 1.2 to 1.3. These results indicated that the DNA from A. lumbricoides worms still contained contaminants, such as protein and DNA phenol. 20 Study with larger samples of the population from the same area must be conducted to determine the prevalence of SNP codon 200 β-tubulin in A. lumbricoides and T. trichiura worms infecting the Nangapanda population. Studies can also be conducted on the residents of other STH endemic areas with more frequent anthelmintic treatments to determine the influence of anthelmintic administration on codon 200 SNP profile β-tubulin gene in A. lumbricoides and T. trichiura worms.
In conclusion, this research showed that the bases in codon 200 β-tubulin from A. lumbricoides and from T. trichiura comprised TTC. The worms from Nangapanda individuals included in this study contained no SNP codon 200 in their β-tubulin gene.
